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Description 

FjoMj of the Invention 

This invention relates to etectrosurgrcaJ tissue treat- 
ment, and in particular, to a method and apparatus tor 
controlling the electrosurgjcal treatment of tissue by 
measuring impedance of the tissue being treated by an 
eJectrcstxgicat device 

i 

Background of the invention 

ElectroeurgicaJ generators are used to deliver ther- 
apeutic electrical energy to surgcal instruments. These 
instruments are used for example, for culling, coagula- 
tion, tissue welding, ablation, and dissection. Both mo- 
nopolar and bipolar generators typically supply electro- 
surgical energy in the radio frequency <RF) range to such 
instruments Usually such generators include controls 
that regutate the voltage and/or current so tiat e select 
power level is approximately delivered and a maximum 
power level is not exceeded 

When such RF generators are used, the pnmery 
control is the experience of the surgeon who responds 
to what is observed to be happening to tie tissue as it is 
treated with the RF energy. Often, particularly for endo- 
scopic procedures, surgeons cannot readily see what is 
happening to the tissue! Also, the change in tissue prop- 
erties due to the RF energy may occur so quickly so as 
not to afford time for the surgeon to react soon enough 
to turn off ele ctrical energy to the instrument. As a result, 
some problems which may occur include tissue charring, 
sticking of tissue to the electrodes of the surgical instru- 
ment and over or under treatment of tissue. 

It has been recognized that the tissue impedance 
changes as RF energy is applied to the tissue. Attempts 
have been made to control the power delivered to the 
tissue as the tissue impe da nce changes. For example, 
current has been controlled based on the change in the 
voftageor me power deuvered by toe generator to tissue 
The differential quotient of tissue impedance as RF pow- 
er to applied to the tissue has been used to determine 
an initial power level and to switch oft RF p ower when 
the differential quotient of impedance reaches a preset 
value. 

Notwithstanding these control engagements, there 
is a continuing need tor improvement in the control of 
electrceurgical energy deliverance to the tissue and** 
determination of when tissue treatment has reached an 
optimal level. 

In particular there is a need to provide a device and 
method for determining the end point of coagulation tor 
a variety or a range of tissue impedance, due to. e.g.. 
verymg tissue composition, tissue types and treated tis- 
sue areas and/or volumes. 

The present invention relates to a device and meth- 
od of the type described *i EP-A-O 640 317. 



Summery of the Invention 

The present mention provides an vnpedance mon- 
itoring device and/or method which monitors the rnped- 
5 ance of tissue between poles of a therapeutic electrosur- 
gical instrument Based on a model of expected tissue 
impedance beh a vior over time with the dative* ance of 
eiectrosurgicsl energy, the monitored tissue impedance 
is used to determine tissue status. This win be described 
in more detail below. A signal Indicating status of tissue 
is provided ether to a user or to An instrument contioter. 
The device may also include a switch which automati- 
cally turns off the electrical energy when treatment b 

In accordance with the pr^mni invention, a tissue 
impedance monitor is provided which continuously 
measures tissue impedance as electncal energy is de- 
livered to tissue. According to known tissue vnpedance 
models, tissue impedance ir*ialrydJcocaselecirKalen- 
ergy is app0od and then begins to rise ao^ain as coagu- 
lation occurs. The present invention provides for estab- 
lishing a value for the minimum impedance, te . when 
the impedance is at Us lowest value as the energy * sp- 
pked. Thee; the rnpedence Value anticipated to provide 
the deairecl tissue effect is determined by calculating a 
selected function of the established minimum imped- 
ance. When the m easu red impedance rises to the level 
of the impedance value for the desired result, eg., co- 
agulation, tissue we ld s ig or a level of diathermy, the in- 
strument wM indicate or provide a response for such 
event. The present invention is preferably adapted so 
that the condtion is detected for a range of expected tis- 
sue impedances which vanes according to tissue type, 
area and/or volume. 

In a preferred embodiment the desired tissue condi- 
tion is where coagulation is completed. When tits point 
has been reached a feedback signal is provided to aeon* 
trot unit or to the user, at which time the energy supply 
is swxebed off. The feedback signal may. for example, 
provide s visual, audtole or tactile exjnaJ to a user, and/or 
may provide instructions to a control urtf to automatical 
turn off energy s upplied to the tissue. 

Optionally, the device may afeo stcfude a switch, 
adapted to turn off slectrical energy when a short circuit 
condition is detected, when an open circus! condition is 
detected or when the device is on, i.e.. supplying current 
or voftaga for a preset maximum amount of time. 

In accordance wth one aspect of the present inven- 
tion, an etectrosuroicaJ apparatus for coa gu lating tissue 
durmg a surgical procedure comprises an end effector 
with opposng interfacing surfaces which may be closed 
towards each other to engage tissue to be electros urgi- 
caly tteated. Preferably the end effector Mudes first 
and second elements movable relative to one another 
tor engaging tissue to be coagutaled therebetween. At 
least one of the electrrat poles of the inr^ 
prised of an slsctrode a s so ci sse d wst> at leest one of the 

first end ••com** m t mtnmn m . TH* •tmxArwim im in c ontest 
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with the tissue to be coagulated A power controller re- 
sponsrve to a power control signal provides RF energy 
to the tissue contacting electrodes) of the lirst and/or 
second elements 

Impactence measuring circuitry is coupled to the RF 
generator output and measures the impedance ol the tis- 
sue between electrodes corresponding to the first and 
second poles Feedback circuitry is coupled to the im- 
pedance measuring circuitry. The feedback circuitry in- 
cludes a first device for determritng a minimum imped- 
ance value and holding said minimum vnpodance value. 
A second device provides a threshold determining circuit 
coupled to the fret device. The threshold determining cir- 
cuit determines a threshold impedance value as a func- 
tion of the held minimum impedance value. 

The threshold dttemining circuit may comprise an 
analog devrice for determining the function of minimum 
' impedance or a digital circuit including tor example, a 
look up table for determining the threshold impedance 
value based on an toput minimum impedance value 

Altar a threshold value has been delermxted. a first 
comparator compares the measured impedance vakje 
to threshold irnpedance value and generates a power 
control signal to the power controller to control the RF 
energy deiyered to the tissue .upon the condition of . the 
measured snpedance value exceeding the threshold im- 



on the distal end of the elect rosurgical device so that 
when the first and second elements close together to en- 
gage tissue, opposite electrodes are located between a 
portion of the engaged tissue. The impedance monitor- 

5 rig crcuH monitors the impedance of the itseue between 
the electrodes during the delivery of RF energy through 
that tissue. As described above a minimum impedance 
is measured from which threshold impedance is calcu- 
lated. A comparator compares the measured frnoedance 

10 values to the determined threshold imrjedance value and 
generates a control signal to switch off the RF power de- 
livered to the tissue, upon the concftion of measured im- 



A power controller may indude at least one electrical 
switch tor selectively supplying RF energy to the instru- 
ment to coagulate tissue positioned between the first and 

The power controser may selectively switch off the 
power suppled to the tissue under a number of condi- 
tions. The controller may be used to switch off power 
when the measured impedance value exceeds the 
threshold irnpedance value, when an open circuit condi- 
tion or a short circuit condition exists, or H voltage and 
current is supplied for a period of time exceeding a max- 



Another aspect of the present invention provides a 
control device for bringing the energy output of the gen- 
erator witun an optimal range determined by a system 
load curve. The control device uses measured toad im- 
pedance to determine the desired energy level output 
and compares the desired energy output to *e actual 
energy delivered to a target including tissue. The control 
device takes the resutung comparison and controls the 
generator output accordingly 

Although the instrument may be a rnonopotar device 
or a multipolar device including two or more than two 
poles, the end effector preferably includes two electrical- 
ly opposite electrodes corresponding to two electrically 



is In one preferred embedment each of the electrodes 
corresponding to the first pole are offset wxh respect to 
the interfacing surface from each of the electrodes cor- 
responding to the second pole. In other words, the elec- 
trodes are offset from each otter so that they are not 
20 diameJricafty opposed from each other on interfacing 
surfaces or they are separated and insulated from each 
other on the same surface 

In the preferred! embodiment the eiectrosurgical in- 
strument oompressee tissue in a compression zone be- 
2* tween the an* interfacing surface and the second inter- 
facing surtace and apc4iee electrical energy through the 
compression zone. More preferably, the compression 
zone is an area defined by a compression ridge on one 
of the *tfertaong surfaces which compresses the tissue 
so against the other interfacing surtaca: AHernithrely or In 
adefton. there may be a cornpraseion rxaje on both in- 
terfacing surfaces . 

One erhbocSment includes a cutting elernent asso- 
ciated with an end effector. The cutting elernent is er- 
as ranged to cut tissue at rynaay«» coac ^ 

arabiy. the coagulation is completed prior to any me- 
chanical or other cutting at or around the coagulation 
site. Once tissue is coagulated or cauterized, the cutting 
element may be used to cut through tie coagulated tis- 
49 sue or between two zones of tissue coagulation 

In another ernbodvnent the hemostotic device * in- 
corporated into a linear cutter similar to a linear cutting 
mechanical stapler. In this ernboolrnent the hemostatic 
device comprises two subetanfaaJy parallel and elongat- 
es ed electrode bare which are associated with one pole, 
and a slot tor cutting means to travel between the bare. 
Optionally one or more rows of staples may provide on 
each side of the slot and bare to provide additional he- 



..» the preferred bipolar device, electrically opposse 
electrodes of each of the poles are located on one or 
both ctfttecfjpossig surfaces. Each of the first and sec- 
ond electneaey opposite poles comprises at least one tis- 
sue contact ino eleciroda. Th* •Iscfrodas are .rranc-d 



In operation, tissue is clamped between two jaws of 
tna «*trument and electrical energy in the form of radio 
frequency C anergy is supplied to the cornpreseed 
ttssue to coagulate or cauterize blood vessels along the 
two substantially paraM bars. Based on the impedance 
63 modeling of the device with this specific alectrode con- 
figuration, an appropriate tonctton of the minimum m- 
pedance is incorporated mto the mpedance I eeofeack 
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(•vol A warning mechanism is used to warn me user 
when the impedance is out of range or exceeds the 
threshold impedance level. Also the warning signal may 
be directed to a control circuit or power controller adapt- 
ed to then provide an appropriate nstrument response. 5 
including where appropriate to turn off the RF energy de- 
livered to the tissue. 

In accordance with another aspect of the present in- 
vention a method of operating apparatus for electrosur- 
gicairy treating tissue during surgical proceovre is pro- '0 
vided. AccordhgV. « preferred method comprises me 
steps of: applying RF energy to tissue to be electrosur- 
giealry treated by means of an electroturgicat instru- 
ment; measuring the impedance of the tissue between 
electrodes corresponding to two poles of the electrosur- is 
gical instrument; generating the i m pe da nce signal rep- 
resentative of the impedance of the tissue; and control- 
ling the RF energy applied to the efedroeurgical instru- 
ment in response to the impedance signal 

The step of controlling t>e RF energy applied to the 20 
etectrosurgical instrument may comprise the steps of: 
determining and hofc*ng minimum ■npedance value: de- 
t ermmmg a threshold impedance value based on a func- 
tion of the mrwrnum impedance value ; comparing meas- 
ured impedance values to the threshold impedance val- » 
ue, and generating a control signal to control or switch 
off the power of the controller upon the condition of 
measured impedance value exceeding the threshold im- 
pedance value. 

In accordance with yet another aspect of the present 
invention, a method of oper at ing an etectrosurgical ap- 
paratus for coagulating tissue during surgical procedure 
comprises the steps of: provioVig an sle clr o au rgical in- 
strumenf having an end effector comprise tr* first and 
second tissue engeg>ig stirts<^ f et»eeetor>eof s^fcrsi J* 
and second tissue engaging surfaces including thereon 
a tissue contacting electrode, associated wiSn a first pda 
of an etectrosurgical system and at least one of said first 
and second tissue engaging surfaces containing thereon 
a second tissue contacting electrode associated with a 
second pole of the system; engaging tissue to be coag- 
ulated between the first end second tissue engaging sur- 
faces: selective V controlling RF energy suppfied to the 
first and second tissue contacting electrodes for coagu- 
lating tissue positioned the r ebetween; measuring me im- 
pedance of the treated tissue: oWerrtvning and holding 
a minimum impedance value: determining a threshold 
impedance value based on a function of the minimum 
impedance value; cornpanng measured impedance val- 
ues to toe threshold impedance value; and controlling or so 
switching off the RF energy connected to the first and 
second electrodes upon the condition of «>e measured 
impedance value exceeding the threshold impedance 
value. 

Other objects and advantages of the nvention wtf 55 
apparent from me fosdwing description, me accompany- 
ing drawstgs and the tosdwmg claims ■ 



Brief Description of the Orawtnge 

Fig. 1 is a side view of a bipolar endoscopic electro- 
surgical instrument operable in accordance with the 
present invention; 

Fig. 2 is a partial cross-eectional view of me distal 
end of the instrument of Fig. 1 in an open position: 

Fig. 3 is a partial cross-sectional view of the distal 
end of the instrument m Fig. t m a dosed, unfired 
position; 

Fig. 4 is a partial cross sectional view of the distal 
end of the instrument in a dosed, fired position; 

Fig. S is a front cross sectional view of the distal end 
of the instrument of Fig. 1 along the sne 5-5; 

Figs. 6-9 represent a schematic block diagram of a 
rrscroprocessor controlled impedance monitoring 
apparatus for conuotting the RF energy delivered by 
electroeurgcal mtrument of Figure 1 r "* ' 

Fig. 10 is a schematic block c*agram c4 an analog 
embodiment of the cont r ol l e r for use in me appara- 
tus of Figure l; t 

Fig. 11 is a logic diagram of the oomrc^er o>V ig. 10 
illustrating control bgic for RF output control; and 

Fig. 12 is a characteristic curve illustrating the 
change in impedance over time during application 
of elect rosurgical energy to tissue using the electro- 
surgical instrument austrated in Figure 1. 

Detail B§ggtBa« <* «*• toggPtggQ 

White the present invention ia generaify applicable 
toe variety of etecSrosurgicat snstrumenU both monopo- 
tar arid muMpotar, and bcm conventional and enck>scop- 
ic, it will be d eecn be d herein with reference to a bipolar 
linear cutting instrument 

The primary purpose of the impedance monitoring 
device "« to c^ermine when the tissue has been treated 
k> a desxed degree PreferabVthistreatrneni ^complet- 
ed when me tissue has been cauterized e^ belor^ 
cess** tissue sticking, burning or charring occurs. The 
impedance of tissue as H Is being heated wtm electro- 
surgjcal energy generally follows a crw*x*eristic tissue 
wnpedance curve. According to the impedance curve. 
genere*y the impedance wsl 

mum value, and then rise as coagulation arid tissue des- 
iccation occurs. At an impedance or within a range of 
impedances on a characteristic curve, coagulation wM 
predictably occur. 

Figure 1 2 is a characteristic im pedan ce curve iHus- 

trettoo the ctmnom in tiseue impe da n c e ens. rSurtno 
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the application of electros urg eel energy using the elec- 
trosurgical instalment illustrated in Ftgs. 1-5. The 
present invention determines a threshold impedance on 
the curve at which coagulation has occurred. Z^ m% 46. 
This impedance is bassd on the value ot the lowest im- 
pedance on the curve. 45. is. when the impedance 
has stopped tailing and begins to nse A function ot the 
minimum impedance f(Z^) b used to approxsnately 
predrt a point at which coagulation occurs. Z*^,, 46 

Referring now to Fig. 10 there is illusUated a sche- 
matic block diagram of an analog ejitKXjsrient of the im- 
pedance monionng device of the present rwenton The 
impedance monitor ng device determines whan coagu- 
lation is complete as wel as other instrument parame- 
ters, tor example, ft there is an open circuit, short circuit 
or if voltage and current is supplied to the tissue for more 
than a predetermined maximum amount of time. Such 
conditions may indicate a problem with the instrument 
and/or tissue engaged by the instrument. For example, 
if excessive, not enough, or inappropriate tissue is en- 
gaged by the instalment. 

The instrument tO is positioned to engage tissue to 
be treated. Then, when appropriately positioned.. RF en- 
ergy is supplied to the tissue 

A generator 70 supplies RF energy to the tissue en- 
gaged by the end effector 15 of the instrument 10. Prel- 
erabty. 30 to 200 volts RMS at a fundamental frequency, 
preferably of a sinusoidal waveform . at a frequency of 
about 300 Khz to 3 Mhz is supplied with a current of about 
o i to 4 0 amps. The generator 70 is turned on by a user 
operated switch 42. The user operated switch 42 pro- 
vides a signal to the controter 79 to turn on the energy. 
The output 129 of the controller is coupled to an analog 
sw«ch 1 30 When output 1 29 provides an *RF on* signal 
to the switch. 1 30. an oactlator 72 coupled to an analog 
multiplier 75 through the switch 130. supplies a voftage 
of a known frequency io toe analog mutineer 75. The 
output of the analog multiplier 75 « coupled to a driver 
76 which is coupled to the input of an RF amphfier 71. 
An amplified RF signal is supplied by Jhe generator 70 
to a circuit 80 which includes the first e lec tr ode 39 and 
second electrode (anvil 1 8) of the instrument 10. and 
the tissue 43 to be treated by the instrument 10. 

The current and voltage delivered to the tissue is 
measured and an RMS current (1 RMS *) and an RMS volt- 
age (*Vrms*) » deter ironed. 

A voltage and current sensor 61 senses the current 
and voftage delivered to Vte tissue. The voltage and cur- 
rent sensor 81 includes a tow impedance current trans- 
former 82 in series with the generator 70; and a high* 
impedance voltage transformer 83 connected in paratel 
across the generator 70. Preferably the current trans- 
former 82 has. tor example, a 1 :20 winding ratio and a 
50 ohm resistor in parallel with the secondary of the 
transformer. Preferably the votage uansformer 83 has. 
tor example, a 20:1 winding ratio and a IK ohm resistor 
in paratel with the secondary of the transtormer 

The output of the current transformer 82 is couoted 



to an RMS converter 84. The RMS converter 84 converts 
the sensed current to a DC signal to provide output 86. 
representative of Irms- The output of the voltage trane- 
former 83 b coupled to an RMS converter 85. The RMS 

5 converter 85 converts the voltage signal into an DC sig- 
nal and provsJe output 87. representative of 

The measured impedance. Z. is then calculated 
from the measured l* MS and V*us The outputs 87. 85 
of V RMS and I * us are supplied to an analog divider 88 

to which divides the Vfms by the current 1^,, to provide 
an output signal 89 representative of the measured im- 
pedance, Z. 

From the Ifawts* ^mss end measured impedance, Z, 
the impedance monitoring device determines whether a 

is ehort circuit or open circuit condition exists, whether volt- 
age and current has been delivered for an amount of time 
exceeding a predetefrruned maximum, and whether co- 
agulation ts complete. 

A short circuit condition is determined by comparing 

20 the measured imped a nce. 2. to a predetermined ehort 
circuit impedance threshold at or below which short cir- 
cuit is likely to exist (•Z sc *). If the measured Z is at or 
below the Z^, a short circuit signal is provided to the 
controller. 

2S The impedance signal 89 Is input to a short ctrcutf 
detector 90 comprised of a comparator. The positive in- 
put 92 ol the comparator is connected to a potentiometer 
93 which sets the threshold impedance. Z*c When the 
impedance signal 89 causes tie input at the negabve 
30 input 94 of the comparator 91 to be lower than that at the 
positive input 92. an "on* condition occurs ai the output 
.95 of the comparator 91 . This contftkxiwcornmunicaled 
to a logic controter 79 which provxies a preprogrammed 
instrument response, which, in this ernbooXnent. sv 
eludes turning off RF energy. 

An open cscuft condition exists if there is a voltage 
between the electrodes 18. 39. and no current An open 
circuit is determined aa follows: if the V„ MS is above a 
preo^lsmwned mnimurn threshold indicating a voftage. 
40 Vft n wh- w * ( fiMs * betowa predelerrris^rTSromum 
current threshold indicating a current 1^^^ then an 
open circuit signal is provided to a controller. 

A current threshold detector 106 includes a potenti- 
ometer 107 coupled to the negative input 108. The po- 
*5 tenttometer 107 sets the t #UM#l level so thai when a cur- 
rent is present, the current detector 106 win indicate as 
such. The l^ signal 86 is connected to the positive in- 
put 109 of the comparator 106. Thus, when the If*** is 
greater than the value. set by the pctentiometer 

so 107. a positive voftage appears at the output 110 of the 
current threshold detector 106. 

SrnHany a voltage threshold detector 113 incfcjdes 
a potentiometer 1 1 4 connected to the negative input 1 1 5. 
The potentiometer 114 sets tie votage threshold et 
55 which the threshold detector 11 3 registers a positrve out- 
put. when a mWrnum votage Is present. The 

V*ms signal is input to the positive input 116 of tie 

ihrocKotd dot«ctor 113 THo«. It tHm *** 
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v «»Mh se * by the potentiometer 114. a positive voltage 
will appear at the output 1 1 7 of the voltage threshold de- 
tector 113 

The output 117 of the voltage threshold detector 1 1 3 
is a too coupled to an AND gate 11 1 and the output 110 
of the current threshold detector 1 06 is coupled to an in- 
verted input 1 1 2 of the AND gate ill. The AND gate 1 1 1 
acts as an open circuit detector. When the exceeds 
the V Alvlh and where the does not exceed l^, 
a logic 1 will appear at the output 120 of the AND gate 
111 indicating an open circuit. The output 1 20 of the AND 
gate 111 » coupled to the controller 79 to communicate 
tne open circuit statue. 

If current or voftaoe is supplied an extended period 
of time end a coagulation complete condition has not 
been detected, it may indicate, for example, that the in- 
strument is not c tamped on tissue or that a malfunction 
has occurred, if the V nM5 is above the predetemuned 
v em* 09 tn * * above then a timer is turned 
on. If the timer is on for a period of time greater than a 
predeterminad maximum amount of time. T^. then a 
t«ma over signal a provided to the controller. If the dura- 
! lion of the txner on is not greater than then the de- 
vice continues to supply RF current to the tissue and con - 
tinues to measure current, voftage and impedance, etc. 
as described above. 

The output 1 1 0 of the current threshold detector 1 06 
is coupled loan OR gate 118 which is coupled to a timer 

121. If the If*** exceeds the » tir><n . the output 110 of the 
current threshold detector 106 wiH present a logic 1 to 
the OR gate 118 which will then turn on the timer 1 21 

Similarly the output 1 1 7 of the voltage threshold de- 
tector 1 1 3 is coupled to the OR gate 1 1 8. If the is 
exceeded by V^. the OR gate 11 8 wiB present a log* 
i at its output 1 1 9 and turn on the timer 1 2 1 . The output 
123 of the timer 121 is coupled to the conVoiter 79. When 
the timer 121 has been activated for an amount of time 
that exceeds a preset threshold time. T^ the output 
123w«bealogjcl. The timer is reset with the user ac- 
tivated switch 42 which is coupled to the timer reset input 

122. when tne instrument 10 is reset 

A coagulation complete condition is determined as 
foNows: First. 2^ is determined. Then, a target roped- 
anco at which coagulation is complete. 2^^. is calcu- 
lated as a function of the minimum impedance. The initial 
«*pedance, Zffkj*. Ztar#«* **°P+ of the imped ance curve, 
and time to complete may vary for a given application 
»nd/or instrument, but tend to correlate to a function of 
mm mum impadanee. Dapanding on tha instrument used 
and/or the actual desired result the actual function of 
mrwnum mpa dance may vary. In this particular embod- 
iment UZ^hJ is linear; HZm m ) - 0.22 + 500 This function 
is bound, i.e.. where 7 mm ts > 560 ohms, than Z tme ^ l is 

2^ ♦ SO ohms. t{Z > may be a dtfferent function. It 

mm/ be contnuoo*. r*an -continuous. Kneer. non-linear, a 
piacewise approximation and/or in the form of a look-up 
table. 1 (Z^) may also be bound at different values 

Tha impedance signal 89 « used to (ktermine tassua 



T5 



20 



90 



coagulation as follows: First, a determmatxxi is made 
whether the measured 2 is a minimum impedance. Z mio . 
The vnpedance signal 89 is inverted and offset by a gain 
offset inverter 96. The output of the gain offset inverter 
96 is in turn is coupled to a peak detector 97. The output 
102 of the gam offset inverter is representative of an in- 
verted and offset measured Z. i.e.. (Z+k) Z^ will now 
be the highest offset value of (-2 ♦ k) encountered. 

The peek detector 97 thus detects and holds the 
highest value of the inverted and offset measured Imped- 
ance. 2. which is Z^. When 2^* has occurred, the out- 
put 103 of the peek detector 97brepnssentatrveof<-2^ 
' +k) RF energy is continued to be applied to the tissue 
and the monitoring for short circuit, open circuit and time 
over as weU as looking for a Z^ contmues until a 2 is 
equal to Z^,. 

. When tha Z^ has baan dtAfrntrwd, function of tha 
Zmw W^**)) is calculated to provide a ropedance, Z^. 
g^,. at which treatment (coagulation) Is completed. The 
output 103 of the peak detector 97 is coupled to a thresh- 
old determining circus 98 which calculates the function 
of to determine the 2 im ^ &t The output 99 ol the 
threshold cktterrnining areu* is representative of Z^., 
when the measured impedance is equal to Z^. 

Acontinuoue comparieon is made between 2 and f 
(Z^. It should be noted here that f|Z^) is continuously 
calculated as 1(2) unti a Z^ is detected. The compari- 
son is continuously made between Z and f(Z) untl 7 ^ 
is determined. This does not have a significant conse- 
quence, however, because It is anticipated that f(Z) will 
be larger than Z during tissue treatment and a premature 
coagulation complete signal therefore w* riot occur. 

tf measured 2 b less than or equal to the Z ti#OM then 
RF energy s conunued to be suppfted and steps de- 
scribed above are carried out until a eigruti has been pro- 
vided to the controller shat mem is en coencrcuit signal, 
short circuit signal, a time over signal, or a coagulate 
complete signaL If the measured 2 is greater than or is 
♦OW* 1 to * signal is provided to me controller 

that coagulation has been completed. Again it is noted 
that in this e mb oc tt hent, 2 has been inverted and shifted 
inordortoaccommudateZ^d 

detector 97. The irnpedance values referred to in this 
paragraph are the actual impedance values 

The output 99. of the threshold determining 

circuit 98 is coupled to the positive input 101 of a com- 
parator OP amp 100. The output 102 of the gain offset 
inverter 96 is coupled to the negative input 104 of the 
comparator too. The comparator 100 compares tne -Z 
♦ k representative value which is input to the negative 
nput 104 of the comparator 100. to the Z^ 9mX represent- 
ative value which is calculated as a function of -Z^* ♦ k. 

output 105 will be positive. That is?tfthe mea s ured Z b 
greater than tfZ^), a coagulation complete signal will 
apQMf at the output 105 of the comparator 100 

A signal ts provided to a controtter tor each condition 
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the existence of one or more of these conditions the RF 
energy is automatically turned off by the controller. Fig. 
11 illustrates the system logic of the controller 79 The 
controller 79 includes a short circuit input 1 24. a coagu- 
lation complete input 1 25. an open circuit input 1 26 and 
a tvne out input 127.. as weH as a reset input 128. The 
controier 79 also includes a RF control output 1 29 which 

0 witches on anoVOr oft the RF generator delivery of elec - 
trosurgical energy to the tissue. As long as the output 
129 is a logic 1. the RF is on. The output 129 is a logic 

1 when coagulate complete 1 25. time out 1 27. short ctr- 
cut 124. the open crcu* 126 and the reset input 128. 
are all at a logic *0\ H any one or more of the Inputs 124. 
125. 126. 127; 1 28 are at a log* M' me RF control output 
129 is a logic "0* and the RF is turned off. 

A preferred e m bodrnant provides a control device 
which controls the generator energy output based on 
load impedance The load vnpedance is used to deter- 
mv>e a preferred energy level e.g., voltage, current or 
power level, based on a specific system toad curve for a 
generator, instrument anoVor application. The control de- 
vice then compares the actual energy level for the meas- 
ured impedance with the desired energy level and ad- 
justs Vie generator output according to th« difference be- 
tween the two. i.e.. preferably to minimize the difference 
between the two. 

The specific toad curve preferably reflects the volt- 
age, current, power, for a range of impedance that will 
optimize performance of the instrument . The load curve 
may have various forms, for example, it may be contin- 
uous or may be stepped. The load curve may vary from 
generator to generator, tor a particular instrurnent in use 
with the generator, or for a particular electrosurgical ap- 
plication of the generator. For example, in a one embod- 
iment using an instrument, such as described herein, 
three impedance ranges have been identified at which 
different «n«rgy requirements exist: Initially tissue im- 
pedance is in a tower range, e g., approxvnately 20 to 
100 ohms. In tie tower ranges, more current b required 
to provide enough power to initiate tissue coagulation. A 
second, mid-range of impedances, e.g.. approximately 
100 to 500 ohms, requires enough p ow er to maintain the 
coagulation process. A third range of higher mpedancee 
typically occurring towards completion of coag u la t ion, 
e.g.. a pproximately 50O ohms and above, requiree the 
voltage be Kmited to prevent sparking and tissue sticking. 
Thus the system toad curve in this embodiment would 
reflect both the inherent characteristics of the generator 
and votage output at which optimum power o delivered 
for a particular vnpedance. as weH as the specific power 
requirements for a predetermined instrument and appti- 

Referring to Fig. 10. a generator with a servo loop 
control device, is illustrated. The impedance signal 89 
and the votage V^ts signal 87 are fed back to the gen- 
erator 70 through a control device which comprises a 
function fitting device 61 and an error amplifier 62. The 
control device cauii tne gtiwtof 70 to produce volt- 



age* within a desired range based on a toad impedance 
fit to a specific toad curve. 

The impedance 89 is fed to a function fitting device 
61. The output 64 of the 1 unction ftttug device 61 repre- 

s seme a desired voltage based on the input impedance 
69. This desired voltage function is the voltage required 
for the generator 70 to produce a particular, pre-deter- 
meted toad curve. Desired voltage output 64 atony with 
actual voltage ts fed into an error amplifier 62. The output 

jo 65 of the error amplifier 62 represents an error voltage 
which ts fed wtio an analog multiplier 75 through a diode 
77. 

Alternatively, current, power or another energy pa- 
rameter may be used to control the output of the energy 

is source or generator 70. A signal corresponding to im- 
pedance of the target is input into the function fitting de- 
vce which provides a desired current, power or other en- 
ergy parameter output, which is then compared to the 
measured or calculated current power or other energy 

20 parameter. 

The diode 77 ensures first quadrant operation of the 
analog multiplier 75. The analog multiplier 75 functions 
as an amplitude modulator of oscitator 72 such that large 
error votages at output 65 rasut in large outputs from 

25 RF amplifier 71. And srnal enor voltages of output 65 
. resutt in smaller RF output from RF amplifier 71 . Thus, 
generator 70 acts as a ctosed-toop servo system based 

on voltage such that a desired load curve is obtained. 

The loop compensation device 63 acts to stabilize the 

m> servo toop. If an electrical parameter other than votage 
is used, the form fitting function preferably outputt a sig- 
nal reflecting the difference in the alternative energy pa- 
lemeter. 

Referring now to Figures 6-9 a ftow chart ffustratee 

35 a method for carrying out a micr o proce s sor con t r olled 
embodiment of t>e present invention When the system 
is turned on (btock 200). toe variables including Z_»,. 
V # ^ #|I . I # ^ #K . time over, and 2***+ are Initialized (btock 
201). The system continues to took for the activation of 

40 ma RF swwch (btock 202). When tie RF switch is turned 
on. the interrupts are set tor RF Switch (btock 203). tor 
Short Circuit (btock 204). and Open Circuit (block 205) 
so that when one of these interrupt conditions occur, the 
microprocessor automatically goes to the instructions 

+s associated weh block 234. 

After the interrupts am set. me timer is started (btock 
206) . A sequence is run to check the RF amplifier health 
(block 207). e.g.. to took for an Amplifier On signal or to 
check If certan votages are in a suitable range. II the 

SO amplifier is operating properly. RF energy is turned on 
(blocks 208 and 209). 

It the amplifier is not operating correctly, an RF Off 
request is made (blocks 209 and 210) and a Hardware 
Faeure Alert flag m set (btock 211 ). The system took* for 

ss a hardware faeure flag (btock 233). When the hardware 
faeure is detected, tie controller provides a hardware 
failure alert indication and shuts off. (blocks 243 and 

2441 
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If hardware failure ts not indicated (block 233). man 
v «m and U * read (Woe k 235 ) lo dot e rmme <t any volt - 
age or current is bemg supplied by the system (block 
236). When the system is first initialized, until the instruc- 
tion to turn on energy in block 209 is leached, there 
should be no current or vottage. If there is a voltage or 
current with the RF request off. then there is a hardware 
failure. A hardware fasure alert is indicated and the pro- 
gram is stopped ( blocks 243 and 244). 

If RF energy is turned on (block 209). then the V^, 
and 1^ are read and the impedance. Z. is calculated by 
dividing Ihe by the f^. (block 212). The controller 
checks to see if the V #AaM# and 1^ flags are set 
(block 2 1 3). These flags are set when a mrmum thresh- 
old voltage b present and a minimum threehold current 
is delivered through the electrodes of the device, (blocks 
214. 215. 216. and 217): 

If the V msl# and I mM » flags are set (213) the soft- 

* ware looks lor a tsne over condition to determine if the 
device has been on tor a period of time in excess of a 
max mum if a time over condition is recognized, tie tsn- 

* er flag is set. RF energy is turned off (blocks 218 and 
219) and a hardware failure check w run (block 233). 

After looking for a time over condition, the controller 
checks for a short circuit or open circuit condsiort If a 
short or open circuit exists, the corresponding short cir- 
cuit or open circurt bit is set (block 220), RF energy is 
turned off (block 221). and a hardware failure check is 
run (block 233). 

The controller checks again for V #n-WB and l MaWl m 
block 222. before proceeding to the threshold determw>- 
ing portion of the circuit illusUated in Fig. 8 lithe voltage 
or current old not exceed V VwMh or l mrert in blocks 214 
and 216. the controller iterate* the sequence begrmng 
at block 212 for detecting time over, short circus, open 
circuit i.e., the coagula t ion complete detection enable 
This enables the device to wajt until enough cotTent and 
vottage is de fevered to the circuit to check for the coagu- 
lation complete condition 

r i Mhe Vti^Hi and flags are set. the short circuit 
and Open circuit bits are not set (block 220). and the time 
over condition does not yet exist (block 219); the meas- 
ured impedance used to determine if coegutabon is com- 
plete as follows. 

The Z initial flag is set during the first Iteration and 
2^*, is initially assigned the measured imped an ce value 
(blocks 223-225). Inibaly. is the same as the meas- 
ured impedance and thus block 227 ts bypassed at block 
226. A calculation is made of ffZ^) (block 228). As long 
aa the measured impedance is less than the '(Z^). the 
sequence is iterated (229, 231). In the next iteration of 
blocks 223-231 . the newly measured impedance is com- 
pared to the previous measured impedance which has 
been assigned z xJLw (block 226). As long as tie imped- 
ance is decrees rig, Zm wW be reassigned the new val- 
ue of thameasurad impedance (blocks 226and 227) and 
the steps repeated. When the measured impedance is 

or*a**r Stan or *ou*t to ff Z__V i * to* Ihrafhnlrt imtMd. 



ance. the coagulation complete flag is set (block 230) If 
coagulation complete flag is set, the RF is turned off 
(block 232) and the hardware failure check is run. 

If after the nitial run through the program a hardware 
s failure alert occurs (block 233. 236) or an interrupt oc- 
curs. Ihe program deterrranes the cause and indicates 
as such (blocks 233-242). The and 1^ are raad. 
(block 235) II no current or vottage b being delrvered to 
the system, the controller checks to see If the open cir- 
cuit, short arcui or time over flags have been set (block 
237). If so then a signal inefcatee which flags have been 
set. and the program m relumed le start (blocks 240. 
242). Simsarly. the conlroler checks for the coagulation 
complete flag (block 239). If there was the coagulation 
complete flag has been set * wet be indicated for ten 
seconds (block 241 \ if not . it wrll be indicated as not com- 
plete (block 240) and tie program win return to point at 
the start (block 242). Preferably the electrical compo- 
nents selected to carry out the steps of Figs 6-9 are 
adapted to provide a co mp lete iteration of afl the steps 
et least every 1/50 second. 

Referring now to Figs. 1-5 there is illustrated an in- 
strument to be used in conjunction with the impedance 
feedback device of the present invention. An endoscope 
linear cutting and stapling instrument 10 is shown having 
a housing 16 coup l ed to a shaft 30 with a lumen extend- 
ing therethrough and an end effector 15 extending from 
the distal end of the shaft 30. The end effector 15 com- 
prises first and second e l em ents which are comprised of 
interfacing jaw members 32. 34. Jaw member 32 b mov- 
ably secured to jaw member 34. The housing 16 has a 
clamping trigger 1 2 for dosing jaw members 32* 34. Jaw 
members 32, 34 are shown In an unctamped position in 
Fig. 2. m e damped position prior to instrument firing in 
Fig. 3. and in a clamped position after instrument firing 
in Fig 4. 

Jaw member 32 comprises an anvil 18. U-shaped 
electrode 39 extencSng along the length of the jew 32. 
and a U-shaped insulating material 31 s u rro u nding the 
outside of the electrode 39. Jaw member 32 has an inner 
surface 33 which faces an inner surface 35 of jaw mem- 
ber 34. The U-shaped electrode 39 comprises two elec- 
trically comrnunicating electrode bars 27. 28 forming e 
first pole and located on and extenrJng substantially 
along the length of the inner surface 33. The U-ehaped 
e l ec tro de 39 is comprised of a conductor, such as. alu- 
minum or surgical grade stainless steel. The bars 27. 28 
are separated by a knife channel 29 extending longitu- 
dinally through the mtdote of the electrode 39. Pockets 
36 located oh anvil 18 tor receiving staple ends are lo- 
cated along the inner surface 33. lateral to and outside 
of bars 27. 28. The electrode bars 27. 28 and insulating 
material 31 form a ridge 56 extending out relative to an 
anvH portion 37 of tie inner eurtace 33 (Fig. 5). The eiec- 
55 uooe 39 acts as a first pole ot a bipolar system The anvtl 
18 is formed of an etectrtcaly conducive material and 
acts as a second pole of toe bipolar system, electrically 
ooootM to m« fir«t dau TH* m~~t* io i* iim > ii»W )> 
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tatod uom the electrode* by the U-shaped insulating ma- 
terial 31 

Bipolar energy may be supplied to the end effector 
15 from etectrosurgicai generator 40 (fig. 10) through 
wires 1 9. 20 extending into the body 1 6 of me instrument 
The generator 40 is user controeed by way of switch 42 
(fig. 10V Wire 19 provides electrical current to the elec- 
trode 39 through electrical contact means extending 
through shaft 30. Wire 20 carries a current to the anvi 
18 and is coupled to the anvri 16 through an electrical 
contact means extending through the shaft 30. The elec- 
trical circuit is dosed when and only when the damping 
trigger 12 is closed. A means of connecting the wire to 
the corresponding electrode as wall as instrument actu- 
ation mean* are described in parent application S.N. 
06*095.797. incorporated herein by reference. 

Jaw member 34 comprises a cartridge channel 22 
and a cartridge 23 inserted Into the cartridge channel 22. 
The cartridge 23 Includes a track 25 tor wedge 13, a knife 
channel 26 extenrtrtg^tongftudina^ 
of the cartridge 23. a series of drivers 24 extending into 
the track 25 and staples 17 arranged in two sets of par- 
allel double rows. When tissue is engaged between 
ctemped jew members 32. 34, a firing trigger 14 located 
on housing 16 may be actuated to advan ce a cutting el- 
ement 11 through the engaged tissue to cut the tissue. 
Simultaneously, when ^ the firing trigger 14 is actuated, 
the wedge 13 is advanced through this track 25 causing • 
the drivers to 24 to displace towards the staples 17. 
thereby driving the riepiet 1 7 ti rough tissue and into an- 
vil pockets 36. 

ki operation, the end effector 1 5 of tie instrument is 
located at a tissue site where tissue is to be treated. The 
jaw members 32. 34 are opened and tissue is then 
placed between the mtertacxig inrw surfaces 35. 33 re- 
spectively of jaw members 32, 34. the ctamping trigger 
12 is squeezed to cauee the |aw memoers 32, 34 loctoee 
to locate and compress tissue b etween the interfacing 
inner surf sees 33, 35. The closure of the dampetg trigger 
1 2 also closes the electrica l arcuft. When the tissue has 
been appropriately situated between the jaw members 
32. 34, a user may apply RF energy from the generator 
40 using a user activated switch 42. Currant flows 
through the compressed tissue be t ween the electrode 
39. i.e.. tie bars 27. 28. and the anvi 18. 

After the RF energy is turned off. the controller indi- 
cates the instrument status, e.g.. open circuit, short cir- 
cus, coagulation complete, time over. If the coagulation 
complete status m inckcated. the firing trigger 1 4 may be 
actuated to advance cutting element 11 through knife 
charmele 26. 29 to cut engaged tissue between the bars 
27. 23 where the tissue has been cauterized Simultane- 
ous** the firing trigger 14 advances the wedge 13 
through week 25 to advance drivers 24 to fire st aple s 17 
through tissue and into pockets 36 of the am* 18. Thus. 

totha ooex aiiaaon anas formed bv 
1 1 7 are applied into 
» side of tie cutuno el- 



ement 11 as the cuthng element 11 cuts the tissue. 

The invenaon described and the specific detads and 
the manner in which it may be carried out having been 
exemplified it wW be readily apparent to those staled In 



principles involved may be made 
wfthout departng Irom the spirit and scope of the present 
invention. The xnpedbnee feedback- system as de- 
scribed above is used to indicate when sufficient cautsf- 
» o ization has occurred. When coagulation is complete, a 
signal may be provided by a controOar to a user, or a 
controt f e r may ajutoriatscaay turn off the RF ene r gy. Oth- 
er stoats may be provided toOT 
For ex am ple a tone corre sp onding to the m ea s ured im- 
'5 pedanoe may be provided to a user to audtoty montor 
the change m impertiwe. 

tt « also intended that this devk^erxVor method be 
used wait numerous typee of electrosurgicai instruments 
vi ci uding monopolar* b^possr arid multipolar configure* 
*o tions. The impedanc e f eedb ack syatertwhey be included 
in part or w\ whole with the actual instrument, as e sep- 
urat and/or with tie energy source or \ 



1. A control device co mpri s ing: 

rryedance measurement circuitry adapted to 
be coupled to tfcsue-contacting e l e ctro des aasoct • 
30 ated watt a tiss u e u e a frxj porkon of a surgical 
instrument and to an energy source adapted to sua* 
nkr ttiereneiSir alw I n is i e pic a l a ner o v to said alee* 



art energy control signal adapted to control RF 
energy source to i 



wherein said knpedance meaemement ck- 



curkyiei 

to measure tie impedance of tissue r 
by said tissue-treating portion of said surgical Instat- 



es a 

to 



function of said minimum 

to compare 
seid target impedance value; and 

to 



2. Tne control device of daim 1. wherein 
win, 
lor 



the mmimum 
first device for 



non cm san mswnum 
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ance values to said target impedance value ana for 
generating a signal indicating whether said meas- 
ured impedance value exceeds said target imped- 
ance value. 

5 

3. A control device adapted to be coupled to an energy 
source for providing electrosurgical energy to tissue 
to be treated, the control device comprising: 

a first input for receiving al least one of a first 
signal representative of votag* delivered from said >o 
energy source to said tissue and a second signal 
representative of current delivered from said energy 
source to said tissue: 

a second mpu tor receiving a (hud signal rep- 
resentative of a target impedance for said tissue on is 
the energy source, determined from the first and 
second signals; and 

a function fitting device for providing a fourth 
signal representative of desired enerjgy output 
according to a system load curve, the fourth signal 20 
corresponding to desired energy output for the tar- 
get load impedance represented by the third signal; 

wherein said control device is adapted to: 

control energy output by the energy source 
based on the third signal representative of the load 
impedance; and 

control the energy source to bring electrosur- 
gical energy delivered by the energy source to the 
larget wfthtn e range of desired energy output based 
on said system load curve. jo 

4. The control device of ctaim 3 which includes a com- 
parison device for comparng said fourth signal, rep- 
resentative of desired energy output, to at least one 
of said first and second signals, said ccrnpa/ison X 
device being adapted to provide a control signal for 
controlling said energy source. 

6. The control device of claim 4, wherein said control 
- signal represents a difference between said fourth 
signal and said at least one of said first and second 
signals. 

6. A generator for providing electrosurgical energy to 
an electrosurgical device, said generator comprts- «5 
ing: 

an electrosurgical energy source for providing 
energy to sard electros ur great 

device; and 

a control device according ro any one of claims so 
i to5. 

wherein the control device « arranged lo con- 
trol the output of said energy source 



trades adapted to contact tissue to be treated and 
to cause electrosurgical energy to be conducted 
between said electrodes through said tissue: and 

a control device according to any one of claims 
1 to S. 

wherein the control device is adapted to con- 
trol the output of said electrosurgical energy 
between said electrodes. 

An electrosurgical device for treating tissue during 
an electrosurgical procedure, the efectroeurgjcal 
device composing: 

elect ricaly isolated first and second elec- 
trodes adapted to contract tissue to be treated and 
to cause electrosurgical energy to be conducted 
between said electrodes through said tissue; 

an etectrosurgrcal energy source for provide 
said electrosurgical energy to said electrodes; and 
a convoloevte according to any one c^elarm 
110 5. 

wherein said control device rs arranged to con- 
trol the output from said electrosurgical energy 
source to said electrodes. 

9. The electrosurgical device of ctaim 7 or 8. wherein 
said fVst electrode is located on one of a first and a 
second element and wherein said first and second 
elements are movable relative to each other for 
engaging tissue therebetween. 

to. The electros ur gica l device of claim 9. wherert said 
second electrode is located on the other one of said 
first and second elements. , 

11. The electrosurgeaJ device of claim 9, wherein: 

said first and second elements each com- 
prises an interfacing surface for engaging tissue to 
be electrosurgxany treated. 

said first and second electrodes each com- 
prises one or more electrode elements located on 
said interfacing surf a 



offset from one another with respect to said Interfac- 
ing surfaces. 



An electrosurgical device for treating tissue during 
a surgical procedure, the electrosurgical device 
composing: 

isolated first and second eiec- 
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